Functional iron deficiency in toxic milk mutant mice (tx-J) despite high hepatic ferroportin: a critical role of decreased GPI-ceruloplasmin expression in liver macrophages.
Jackson toxic milk mutant mice (tx-J) carrying a missense mutation in the Atp7b gene are animal models of the Wilson disease. In both the Wilson patients and the tx-J mice, mutations in the ATP7B/Atp7b gene lead to disturbances in copper metabolism. The dysfunction of ATP7B/Atp7b leads to a reduction in the incorporation of copper into apoceruloplasmin; this decreases the ferroxidase activity of ceruloplasmin necessary for the efflux of iron from cells and reduces the release of copper from hepatocytes to the bile; this results in a massive hepatic copper accumulation. A decrease in the ferroxidase activity of ceruloplasmin in the tx-J mice emphasises the practicality of this animal model for the exploration of disturbances in iron balance triggered by dysregulation of copper metabolism. We found that 6-month-old tx-J mutants developed mild anaemia caused by functional iron deficiency. The tx-J mutants showed decreased plasma iron levels with concomitant iron accumulation in hepatocytes and liver macrophages. Hepatic iron retention was accompanied by decreased expression of the membrane form of ceruloplasmin in both liver cell types. Interestingly, in the liver of mutants, we found high levels of ferroportin (an iron exporter) on the surface of liver macrophages despite increased hepatic expression of hepcidin, a peptide inducing internalization and degradation of ferroportin. We conclude that even when the ferroportin expression is high, ceruloplasmin remains a limiting factor in the release of iron to the extracellular environment.